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GAS GENERVW COMPOSITIONS 

CONTAIN INC A SILICONE COATING 

CROSS-REFERENCE TO PEIATEI) 

APP1 JCATIONS 

Hitt mplirannn claim.', tbo benefit of IIS. I’mviuom) 

Application Set. No 6G'l 42,226 filed Jul 2. 1999 
BACKGROUND OF THE INVENTION 
Field of Ihe Invention 

"lire pa'cin UivcnUuc tvhuvt. io an Uupiuvcuicui lu ijc 

performance of a gas generator containing a pyrcrtechric 

mixture ii lire leuni o: griuiucs oi labletx. wlieiciu Ike 
pyrotechnic mixture contains a silragcn-ccnUininj fuel aad 
a u I* n.jg<iiii*. Ji/xi . 

One dK3i!\'anl.igenf pyrotechnic mixtures within airbajs 
inflatory or jcaficll prslCDrkurers, for example, iociu<fcs 

poor tioiMure mliil'kitu anl llcicforc iocoaaihtoal peifor- 

mance. Relatively poor ignitability, poor sustained 
combistkm, and knv Mur rales potentially cau.sc poi>r 
inflalor avlAtr pretensioner performance. 

Conventional cas gencrant compositions such as those 
ucscnoui in u.s. ril. .nos. aou arc 

uwful in vehick occupant prelection system* as applied 

williin aiibag iuflaioi gas gcucratots aixl in scallxll piclcu- 

sioneis. However, nnn»idc gas genenot composition* as 

cjcuipUIIcO Uictiln may aUxirO imUsuuc over Ui:i: ilmcUy 

inhibiting ounibuMbD performance. Furthermore, these 
ccmpjsitioias contain nKlal-eoalaioiiig oxidize:* and thus 
produce relatively less gas rod more solids when compared 

lu i'll a.* .v.au uf (Ik/ ail ‘ >i i* 'XcKvo" ^ziiuanb. 

"Smoke ki^t” gas gereranl ovmprxsitirwK, such as those 
described in U.S Pat. Nos. 5,872^ 29, 5,501,823, 5,783,773, 
and 5,545,272 (herein incorporated by reference! may be 

guucnlly dcllucul as producing u lcisi 9076 Uy wclJlH o£ gas 

and not more than 10 S& by weight of sol ds apou combustion 
oi the gar gcucmii composition. Ibeac composiixms Lave 
little, if any, netal-conUinug gis gene-ant constituents aad 



iIbu umiful 



wli!cJ*/ uu.u|Mul |mX\N<iuu 



However, nooazidc compositions as exemplified therein 
any ebstife mniaiurt over lime thereby inhibking com bin 
lion performance. 

fumcrmoce, io t» uocfU. in acmaing vcneic occupam 
restraint sysicntv. the formulations runs ignite readily. 
“Smokeless" gas gese riots are often difficult io ignite aad 

this imuliuiii rcaults iu iacuxoiatcnl perfonnaucc of au 

airbag inflato-, for example. Finally, eerain“sinoktkess'’ gis 
genennts (i.e. reduced solid combustion products) exhibit 
reduced combustion sustenance, ii is IxlicTed that reducing 
tbc octal contaiaing coaipouixk (aad thereby rcdicicg the 






the campittition. As a result, the composilbn may not fully 
burn and therefore aiay not p\>vxle .he required perfor- 



SUMMAHY OF THE INVENllON 

lilt ahovc-refcrcncoilprobtems «rc solved by ccnting any 

given gas gencrait composition with silicone thereby result- 

i* «• uiviMuiv Uiii.vi, iaii^autvJ Uui u vluii«vlva^rv>| 

anrt/oi relatively more gas upon combustion. 

Tin gat geuenut oiii^utliou ctnilaui one or uurc furls, 

at least one oxidizer, and if desired, other additives well 



tlx till, lu £UlltlilL 



•unJo tlial luiiv.iv 



primarily as binders are not required or used it tbs gas 



gcncracl compositions described herein. Therefore, 
ebSMXUciic, rubber, ur .silicon* blodeis are mil combined or 
mitred into Ihe ga* generail composition fVir of nrrlirary 

skill will appreciate. however, that the siiicooe coaanc 
5 functions n»M as a hinder but is a moisture inhibitor, as an 
auxiliary fuel, md as tn ignition and'or combustion aid. 

Slated aiother way, the use of a alicone coding, poly- 
dinvlhyteiloxune (PDMS) foi example, results in reduced 
moaiurt retention, a greater percentage of gas combustion 
19 products per gram of a given coaled gas geneiant 
compositiOD, and an improved sustained combustion as 
compared to exemplary Bocosted ^smokeless" eis aencrant 
compositiocs. 

IS BRIEF DESCRIPTION OF THE DRAWING 

The IIC.1JRF. graphically ilkislmte* ihe preferred hollkiie 
performance of silicon-coelcd gasgcccrant compositions as 

compared ti Ihe Mine untiialetl conipcniliom conlairan^ 

silkono as i binder. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT^) 

Ir accorcance with tbc present invention, tie combustion 
^ >ivl hutlisii’ ivnorrlirc of » alvrn mnsriHr ci** cc.nrrani 

composition, putiatUdy ttiitxn a gasgeoerator of an airbag 
inliofor or withn a scgbell pictccsioncr, may be improved 
by coaling the gas generant airnposiion wiih silicone. By 
coating the outside of the aeneram pvllcts or cranules with 
(J t curable silicone or silicone gumstock. in easily ignitable 
forraulaiiontharsusiaiftscxirubusikin i» obtained. Exeuipary 1 
;nll;tonv'g» generators include those described in coowncd 
U.S Pat. Njs. 5.628,528, 5,622.380. 5,727.813. and 5.806. 
888 herein inoarp<iraicci by relcrcocc. lixcnpUry prcitn- 
a aloivra incliKlv tliosv «fca«ibod iu U.S. Pal. Nos 5.397.975 
ukI 5ja99^99, herein incorpcratcd by reference. 

Htc nrxijzide gis gencranl compositions contain one or 
more ftiels. at lci&t one oxulutei, am! il desired other 
additives well known in the an. In general, compounds :hal 
n function piiuianly is binders ait Kit required given thatllie 
granules, pelkts 01 tablets arc pre»irc formed. Tttreforc. 
clasiomsnc birders (i.c. rubber or silicon*, and ue Ike) are 
not currbined or mixed into liie gas gencranl coinpositou. 
paiLcukrly in view of the ballistic performance of gas 
,< generant compositions containing such binders. See 
Example 1 anc lUc FiOUKti. Utter buicfcrs not having an 
elastomeric nature may be used if clecireil, hiwever 
Slated anxher way. the gasgtiwrari compisitious do not 
include a/icks as fueU, iwi do they cootlic my azido or 
vi azicb group, wilhia any conslilucal combined tiere In. lire 
gas gcncracl compositions ccatearplatcd herein contain a 
nitrogen-containing fusl stlccted from the group incluaog 
ictrtzolcs. bitciraiolcs, iriazolcs, triaancs, guaDidiccs, 
niircguamoiocs, mvtai ano nonmeuu sans anu uorivauvci 01 
jj the foregoing fools, ard irixtircs thereof; ard, an oxidizer 
aclceicd from ibe group including nonncUl or melal (alkali, 
alkaline earth, and transilional me in Is) nitates, aitritcs, 
UiKihio, slilmiio, iPuiUiluaio, «uU uiliunra 

thereof. Exemplar) fuels include uitraguiuidinc. guanidine 
Xf nilmlc, nm inognanitli nc nitrite, lFl-totrazclo, 

5-tminoietrazole, 5-nitroietnzole, 5,5’-b tetrazole, 

vljgvuuiOiuuiu*7|^ , ‘U/.vlvU4aA^«(v> ui.iv«iiiiiAHi •iaJ 

melamine, nitrate; and metal anJ rooinetal sails of the 
foregoing facb. 

65 U.S. Pat. Nos. 5,035,757, 5,139,588, 5,531.941, 5.756. 

929, 5j»72J29. uul 0,07-^002, tu.vai iiu»|iir 

rated by relereoce. exemplify, bul do not limit, suitable gas 
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gcncnnl compositions. In general, an; gis gcncianl com 
position (w'iihin ,my gas generator or jny pretensooer, t»r 
example) may hr coated wih silicone, thereby iwultii^ in 
irnptcvcd igoilabilily and improved ivtLbujiioo aoJ ballistic 
properties. As s-towo io LLrauplcs 4-9, Hie bum rale is 
vgorously s.sta.ncd throughout combustion of a gas gen- 
crant cowpcoiiioi existed with silioinc 

Exemplary nitrated ficls employed in "smokeless" gis 
gene: mi coinpuMUoiu include uiuourej. S-amluv it u ] /,_!c 

niraW (5ATN), ditBirocumiDOteiaaiie, urea nitrate, aaxti- 
carbonamidc nitrate. hj«raM>dx*r6omniidc nilreto, semi- 
carbaiidc nitrate, atxl caboltydazidc titrate, biuret nitrate, 

diam;(K% 1,3.1 (rinutla nitril*, <.)icyiirxliami<J« nltrata, 

and 3-arninc-l,2,4-triaroIc nitrate Certain fiicb may be 
gcncrcaEy describee as containing a nitrated base fuel such 
that lie end com poo »d will be Ibe base fuel plis UNO,. For 
examaie. urea oitrate Is H-NCONH.-liNO, It is conceiv- 
able tut some o: the fuels may be din urates although mist 
will bo OTcmcnitialc.*- 

Oik or more "smckeltss” fuels may also be selected from 
the group irclcCing arrinc safs of tarazolc and tnazcic 
including munojtuauiduiuni salt of 5^'-His-l ll-lctrazdc 
(BHT-1 GAD), b is-( l(2)H-tcna?olc-5-yl)-aninc 
(BTA 3M1,), diHiiaaidiniun >alt of S.S'-His-l ll-tetrarrle 
(BHT.2GAD), nronoamiiogudiiidiniuni salt of 5J>-Bs-llI- 

twisararlw (l>irr. lAflrSD), Irlillos^riinil.ll'lltitn OtlJt wf 

Bis-1 H-ttlraK>le (BHT.2AGAD), rnotmhydra/iniiim salt of 

S^’.WK.IHJeliiisik (BHT.1HH), clilydnvriniwii ull of 

5,5’-Bis-lIl-telrazole (UHT.2HII), morojunmonium salt of 
5,W*».1llJ«fr«mlp (HITT I NII.V HiimxniMim aill of 
S^'-bis-lIl-telrazolc (BHTlNHj), (T.ono-3-smiTO-l,2,4- 
triazoliuni sail of 5.5 -bis-1 H-tetrazole (BHT. 1ATAZ). di-3- 
amino-1 .7,4-lmzoliun sail of 5,S'-bis-lH-letrazolc 
(BH’1 2AAZ). SA’-Azotos-l H-tctraz>k fABHT.2GAB). 
and tnoooammonium salt of 5-Nnramino-IH-tetrazolc 
(NAP INI I,). Co-owned US. Pal. Nos 5,672,329. 5,501, 
623. 5.783.773. aracl 5.S15.272. each hKnrponted hy refer- 
ence herein, further clrbonic on other ‘smokeless' gas 
ginennis ani the manufacture thereof. OJier "saokekas" 
gas geneiant coraporitkos known in tie art and as ckfincd 
Irtiein art also ojutcmplaleil. 

Hie gas gcncianl compcsitinns of the present invention 
lurther contain one or more inorganic oxidizers selected 
from the grtxp tf nconrnl, alkali racttl, and alkaline earth 
at (a I nitrates and nitriles lo: example. Other oxidaeis well 
kwiwu in tiic art may alto be used. Thc>c include oxides or 
coordination complexes f<* example. Preferred oxidizers 
in? hide pints? mbilrzed ammonium nitrate, ammonium 
nitrate. polnsium ni Irate, and SroHiur nilrafc. 

Ih< gat gcoerani composition, absent the silicons coaling, 
centals 15-95% by weight of Del and 5-85% by weight of 
oxidizer. The gas geoeraal compositton more peferably 
conlano 20 85% by weight of fuel, nnd 15 SO % by weight 
of oxidizer foot including the silicon: Dialing). Ih; gas 
guuettni coniuiueuis an iHNUugeneMMiy Uiy w wt OKuditi 
and then fonacd into granules (SOO <en to 12 nun, and more 
picfcmblv 0.1 nun to 3 nun, in rougS diameter), pcllcis, 
tablets, or other cfcsired shapes by well known methods such 

ssgxuusIju oi pccuin tosuilug ukUioJs. Ibe gov genet am 

compootioa is iheo physically coaled with 1-50%, and 

mire preferable 3—20%, by weight (gu general* and tie 

silicone) of a silicone gumstock or curable silicone polymer. 

Oo: ^tiiiiun. ^ioitulo>, (aTlcto, jxlkrt, us utliu ik^iicAl 

shapes an formal and lien added with an effective amount 
of wilkxim to a tumble btcixlcrand Mended, preferably for 
at least two hours. 



(orgmosiktianc) as am* of a large group of silcxanc poly- 
mers based on i structure consisting cf alternate silicon and 
oxygen atoms with various organic radicals itUKhe.' 1 to the 
silicon: 
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Or. silicone can be more generic ally represented a shown ui 
Formula 2 (but uol thereby limited): 

[arnult 2 SiliMM BtOCpte 

C^,„ q.Hj,,: <pH h . 

OSi 1 0-™Si 1; — OSi 

CJh.., C,H*.i 



Note, “a” in iho Formulas indicates a multiple of the 
polymeric group nr portion of the molecule given within the 



ltuvKvk% a* liAluv/u ifui ui^m 



6*-’ u t° 
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its generic sense. Hawley describes silicone 



silicon. 

Cxcrrola.-y Nliccncn include lhanc dndimrd in US. Pat 

Nor 5,589,662, 5,610,444, and 5,700532, and, m Tfrhaol. 

o/ /Wymke’ A/urw/i4^i« 

Frauihofcr-lnvitul ftirChcmischc Technologic (1CF). 1990, 
tad reference aud document Lenin incenjmrated by refer- 
ence. 

CtnndnrJclag f»nm«o. tar) «x>olaAb ratty nun» )•* Inooipo 

rated if desued. Binders arc rot generally utilized because 
the gas gcnsrant constituents described bcrcii ate borocgc- 

neubsly bluukd aud (bun picfoiably ci-iup cited ui tuicicd 
into QrMliil-s nr rthnr ctiapr« ihnnijh pmcui* nr nrtvr 
Ldoati physical methods. If binders arc used, fawever, 
elastomeric, rubber, or silicone blades arc not combined in 
(he present compcsitioiK given tbe poor billistic perfor- 

mirr dvwvn in (hr. Fiattn*. 

Other "smokeless” gas genexant c«np«>siti)oscotitairtQg 
5-ATN, or any other nitrated base fuel, are also contem- 
plated. I he base fuels include, hut arc not limited to, 
nitrourea. 5-imiiotetrazole. diteninolnizole. urea. 
laWicarlxcnaniadc, hydrazixlicartxinamidc, icmicarbazdc, 
cirbohydr*2ide, biorot, 3,5>diainino-l,2,4-iriazolo, 
dicyundinmkle, and 3-amino-l,2, 4 -thazoIe. totb of ihese 
base fuels nay be nitrated and cwnbncd wife uae or rune 
nxidivete Thus, wlhods of lomtinggv generant tompo- 
siticos oomaining 5AIN and one c.r more oadizers. as 
described below but no! thereby lrnitcd, exemplify the 
manufacture of gas atncranl conjiositions cootainitm any 
nitrated base fuel axf one or mote oxidizers. 

Tbe ojnsntuentseif the nitrat ed gas gcoeraa compcsitixts 
may all be cbtaincC rrctu suppliers well known u the an. In 
general, the base fuel (in lids ease 5 AT) and any oxidizers 
ire triuui it excess coneenmraxi nunc aod tnn siirml until 
a damp pass forms. This paste is thee formed into granules 
by either exlrusioiior foiciug ibe anUdal llmHiglt a sawin. 
The we! granules ae then dried. 

i nc nunc acu* can te tic suticuiu Ecagern grauc (imm, 
-70 wt. %HN0j) or can be less ccocentraied as tong as 
enough nitre acid n present to form the racnxiniirate hI of 
5AI Ibe nitric acxl should te chilkd to Ci-20' C. before 

•iklu>g iUs3ATamlu>klim» n cibiiibUui Uu 3/(l'diwuii 

decompose in tie ooncxtitralec slurry. When mixing the SAT 
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and oxidizers in the mine acid medium, lb: precise mixing 
equipment used ts nut tapurlaiji — ii b siuiply ut«v>*r> to 
(hnrniigh.y mi* all llrrmipininli »ial -vaporale Ihe exmx 

nine acid. As with anv orocess using rteids. the materials of 
censtnictkxi must be properly selected in prevent corrosion. 
In addition, sufficient venliUlion and treatment o: the acid 
vapor is required for ailed safely. 

Alter lonring a ver paste is cescribol above, several 
metbods can be used to loan granules. Ihe past can be 
pbetd in a screw-feed cxirudcr with boles of ilcsitd diam- 
eter and then chopped olo desired kregtlh. An lac'illating 
arauulatir may also be incd !o form granules uf desired sis. 
Iltc material sJjouM be kepi wer through all ibe processing 
steps lo icininii/e safety problems. The Qual granules can be 
dried in ambient pressure or under vaciuru. It is rocst 
preferred lo dry the malirialat about 30° C under a-12 pag 
vacuum. 

The present invention is further il his rated by Ihe follow- 
ing reprwenutive examples 

EXAMPLE 1 

a) Preparation of Silkooc-coatcdGraiiuksTbc Allowing 
mixture wax groiutl and boarogeueously mixed in a Swreeo 
vbrcencrtv mill 
57 D59, .strontium nitrate (SN) 

28.95* 5-arnioo-l H-ielramle (5AT) 

6.00% potassium salt of 5AT (K5AT) 

»<■>'* OpimihUc kUj (»> u wuliui) 

lli« resulting powder was pressed ioo large "slugs" on a 

rotary press. The "slugs’ were Ifaco pnwcd through a Co*W it 

granulate* anti the granules thil pissed through a No '.0 

uwaIi ui J r«.io I «ia a Ho. I C ...cAh «oro«« wee 

kept. ITieresiiliaul prod ret was a bird granule of consistent 
partidc s/c. The*: gratulcs were then split into two groups 
and exited "ilia 

r.v iTlr'.K-. . ..... — .. u.->— mn'r.n . .yi... ...I 

KTV615B («cv>d cempewnti (ini cccibiwJ tod tlwa *4dec lo *b 
gruela Grcap l ecnwxd tt 97S> gniwW aid 3* RTVftiS. <*xc 2 
iiuUMid o(85t» gin— ki uaJ 1S5I ItTVOlS. (U luuUauiliui. luioJ 
so rat he parr.es «ie (Ooreogniy cctted will be ktVHS slkxuc Itc 

BTVM< »,n •IW-H •> mil- It.* Nillia nf 

ine-doa’ing parole* coeei «sb lii.reaf 

GH KIV615 iilcntifics Ihe propnelary name of i silicoic 
manufactured by General Electric The main cotstiO- 
tms in the two-part sitcooe iodide vinvlpovdiroeLv 
ylsibxane ai about 60-80 wt. % and vinyl-eioliining 
rosin hi about 10 30 wt. %. RTV615 will cure com- 
pletely al ambkoi :emperanire in about 6-7 days (but 
sifficiortly in 24 tours). The appicaiion of beat sub- 
Hantially quickens the cure rale so that al 65 C ibr cure 
rate is about 4 tours and al 150 C the cure rale is about 
15 minutes. Tbc vireosiy of uncurod RTV615 approxi- 
mate; 4000-71X10 cenlipor*. 

D) Preparation ot smcouc-cotuta Powder 
SN, 5AT, K5AT, and clay were all ground separately a ad 
then aimbincd with RTV615 sDreorx; in Ihe following 
proper tions: 
uroup j; 

55.34% strontium nitre Ic (SN) 

28.1)8% 5-amitxt-lH-:clrizole (SAT) 

5.82% potassium salt of 5 AT IKSAIT 
7.75% bertontlc day (as a coolant) 

5 00% RTV61S siliecnc 
Group 4: 

49.100/, nil.. I- (UN) 

24.51 % 5-amitKi-lH tetrazole (5A1) 
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5.10% potassium sail of 5A1' (K5AJ) 

680 % bentaute clay (as a coolant) 

L5.00% RTVOI.3 sllreorc 

For Croupn 3 nol 1, lb. gofl Ir Cora, a I 

mixture of lire live cotBlilittils that \sas uihisive and cxuld 
be formrd bio granules. Fi>r Group 3, there was not euoagb 
silkxiiK lo xmn a toiKsivc mixture and siaitulw could not 

!»• forrmd. PorCroup A, « n»*.iph rilicore® pr«r«nl lo form 

good granules. After curing, the Group 4 graiules were 
much seller thin the granules from Groups 1 sad 2. 

Hvsroscooicitv Tesinc 

For Groups i and 3, a 5 g sample was placed in an open 
15 dish aoc placed in an cnvirorincot.il ehiinibti at 22 C and 
50^ relative humidity. The following reoinure gains 
tpeivem by weight) we*tv ubse.veU as « luueido ul’eaposuie 
time. 
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As sio"n above, coaling the mixture as opposed lo 
mix.ng it within the granules reduces the rocLstuc imbed 
ovci nnic. 



n 



Ballistic Tesiiug 

Micrc-aas urncrators iMfilisl were buil as described 
hclcw to rfctcnrtinc the hallkrie pcrformarcc diffcrerccs 
between ihe Groups 1— f. b cadi ease. 1.0 g of Ihe gianuks 
were leaded iato a small aluminun enp ’.hat was then 
triitped lo a siandard iniialoi couiaiiiug lit) n.g of /.iiu>- 
niuta potassium perchlorate. The MGGs wcrcthca loaded in 
i sealed bomb of vclume 10 cubic ce aim tiers sol fired. Tlie 
pressure inside Ihe bcoib was measured as a tutKliur of 
hole. He data me picrenled in the Figure. As shown in the 
curves lor Urcups 1 and 2 . regardless or the amount ot 
siiioinc coating, tbc pcrformatxc of he coated granules is 
very similar. However, as shown in itc curves fer Groups 3 
and 4, the perfoinunc* oflbc intimate mixtures coikairiog 
ihilcrcni percent wcigprs or stUeeoc varies sigmlcaatty. 

Ilcan ibereforo be eoodudid that n coniradkiinetion to 
the use of silioue as a binder, when silicone b used z> a 
co.itr^ (he I’ll I list it laioiabiUty is not subsi.mlaLly stTccieil 
by tiiloringlhe percent weight of silicone. Ilsbcoikt further 
be noted that silicone wben used as a binder it rcJati'cly 
greater imoaots (Group 4) *pproxim*ics a mere fact* cuvc 
in lie ballistic profile and tlcrcforc apparently does not 
pro vine me opunum pressure over unic as gcocruiy uciiacu 
by lac Groip 1 and 2 curves. 

The effects of ibe change In pcssurc over tircc with 
regard to the ialiraatc mixtures of Groups 3 aod 4 can be 
uiunrareo n rough me opetauon ol ktowu sjail'eit preten- 
jionirs. Wien a composition of Group 4 is used, the 
prelcmiouer simply Uurs not eperare expedknlly wwugh to 
provide adoquale preteasiooing of ihe seatbelt. On tto ofcer 

lisud, wuen a eonipoulw: of Oniup J Is m:-l, tix; ptcicu 

'iorer is reodered inoper-ble (based on cluth failure, for 

uisipk) due lo tbc CAlrcmc punuit ovxs tlx appioxiiuatc 

period of line shown oq ibe graph as (1001 to 0.004 seconds 

LreamuUo 2 amJ 0 iiluoiiuK tliv niciaivuta jm»vtex> cmliiu 

forrnineeas general! otropositioiKcoilainint nitrated fuels. 
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EXAMPLE 2 
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LUC ml ol concentrated mine acid (15.9M, Reagent Grade 
from Aldrich) was added to a glass- lired, stirred, and 
jacketed vessel axl tooted to u c. 1UU g ol ary >A1 (Nippon < 
CiibHc), 58 g of dry AN (Akiricli ACS Grade), and 6.5 g of 
dry KN (Aldrich ACS Grade) weie (ten «kkd ty lira a 
slurry in nilnc arid. As tte mixture wis sirred, tie excess 
nitric acid eviporated, kaving a doughy paste consisting of 
a homogeneous mixture cf 174 r SAT nitrate. 64.5 g 19 
PSANlO, and a small amoent of nitric arid. This mitcrial 
iMff thrt\igh ■ Ima-praMON 'Vl'i^ur » f>>i*n 

long Doodles’ that woe consequently chopped to from 

cytimirioil granule*. TbaMs grunult* Wire linn pbcol in i [S 

vacuum oven at W C anl -12 psig vacuum overnight. 
After drying. Hie granules, were suecuetl aud Ux**s iUu 
passed ilirough a No. 4 nesh screen and were tliei retained 
od a No. 20 mesh screen were kept. 

s> 

EXAMPLE 3 

10CI ml of 70 wt. % HNO, solution eqtafc 69.4 g (1.58 
nvtl) HN() 3 plus 426 j (236 mol) H a Q. i'bc solution is 
— Cj !■ too * J/j c <c »rr) 

which cc|uals 1.18 raol 5-AT. 58 g dry ammonium utnic 
(AN), ard 6.5 g polawiun titrate <KN> ()(l&. of total 
AV+KN) The sequeaceof addition is not critical. As mixing 

uuvura, J-iXT Is wuwiml Uuu « ulaiv iuU will. 

trol-100 g)‘HNO ? (1.18 mol-74.4 &)-5-AT.HNO v Tic » 

AS and KN dissolve in the water present. Excess HNO, 

(99 4 g-74.4 g-25 4) and IUO (42.6 g) evaporate as the 
mixture is starred. As this occurs, AN (58 g) 3 Intimate 
mixture. 3% Si 5.08& 7.34 anil KN(63 g) cip ice ip irate to jj 
form PSAN ID (64.5 jj). Meanwhile, the S-AT UNO, formed 
while mirinp is nKunatelv mixed with the PSANlO. After 
mixing is complete, .he end result is at intimate mixture of 
174 g of vATlIVO,464 5 E PSANlO with a small •mount 
of I !NO, *od 1 UO to keep the mixture in a doughy or pasy *7 

Granules or pellets arc then formed from the paste by 
nxtbods well known in the art. Tie granules or pellets arc 
ihen dried to remove any reakkial I1N0 3 aad II 2 0 The cad , 5 
predict consists of dry granules or pel bis of a composition 
cemtaniiig about 73 wt. % 5-AT.HNOj»27 wt. % PSANlO. 



EXAMPLES 4 9 

Silicone Ceatirg cl 1'orrauLa Eons Ccotaiolng 5- 
ATHNO, 



Hie faHowino mixtures were rrenfred as dcaurihed in 
Example 3. 



» 



tJwirpt< 


9, JAIN 


* PSANlO 


4 


’3.15 


26M 


s 


*o.a 


4«00 


a 


•>9-M 


«.44 



Hit granules proikicxxl above were coated with RTV615 
silicone by adding the silionc to the granules aid gently 

the u> a Rom double -plax>etary mixer. The 

nsultint formuhtk'os ire given below » Examples 7-9. 



Example 7 90 parts Example 4 granules and 10 parts 
RTY615 silieoac coating. Example 8: 85 pans Exampb 5 
granule* and 15 parts RTV615 si I ice re coating. Example 9: 
OS r«rt* Rmmpla f> er*milr>.*i met 5 r**'s If TV />l 5 
coaling. 'Die ignition and propagation properties of 
Examples 4-9 were letted qualitatively by igniting a snail 
sample of each example. The following observations ure 
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The torch test indicates that the idtlilioo oi a silicone 
coating to vur icus 5A1 N/PSAN 1 U (5 - tmiootaru/ok nitrate/ 
ammonium nitrate stabilised with 109* pntissinm nitnte) 
•smokeless* formulations improved ihc igritabilily, com- 
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apcc<i 



oi Lomoirmui 



propagation . 



Based on Example 1, it is believed that an additional be re lit 
» moisture protection. 

While the faceting examples illustrate ard describe the 
use of the present invention, they are not intraced to limit 
the nvcnlicn as dkclosed in certain preferred embodiments 
herein. Therefore, variations and modificaticos commensu- 

rati*unllt iKr «kw/* lis&rKm^c nrvl ihr <L*t11 anr^.^nr torvarlr^Qr 

of the relevant art, arc withiu tire scope of the present 
inveotioo. 

We claim: 

1 In a vehieU eccv^ai.t ^lolcctioa jyiicn cwiktautu^ a 

hinctrlcss gas gcncrart rompesition formed into a desxcd 
shape, the improvement canipxisiag 

a silicoic coaling applied aboil the gas gcncrant 
uanipustituu, saioeoaiuigpiovKKn ai i-xr^ uywu^m 
relative to the cxmbincc weight of the gis gcnciunt 
eorapusitwn and whutou 

2 A product formed from tbe methed comprising the steps 
ol: 



providing powdered gasgctcraat cormCluonts mcludicg a 
tucl ard an inorganic oxidizer, bet ruit an elasinmeric 
binder. 

homnceneoiKly we- or dry Nerving the fienemni 
constituents, 

funuL^ lie gas gcnciaui t)Cuil inti dcsiird Jiapcs, 
cnatinv the. i».v witnnl idianes with iinrmul siliume- 
and 



curing i)k silicone covered shapes 

3 A norazidc gas gene rat I composition comprising a 
nilnvpp.rvrivitiiimni' fi e I and an inrrpanir oxiHizer *»«( 

composition formed it«o a desired shipe, wlvtein the com- 
posiion further corixises: 

a silicore coating ahoni the desire! sriipc, srid silionc 

prcviJfrd I £(Kt by vrvi^bt reUtivw tc. tli* 

weight of the gas genennt composition and the sili- 

coue. 

4 The gas gcncrant coinposithxi cf claim 3 wherein 

ociJ kiliv^oirvumaiiiiii^ fu-.l in nvkvkAl Cuu (liv tjurup 

conslslioc of tetnzoles. hiletrazoles, triazoles. 
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triaanes, guanidines, and nctsl and nonroctsl sails aad 
derivative* of tin fcuegoiug foils, jikI mixtures literal; 
ml 

irr»rg»n»r rtvi/iwr tc fnwi ih^ (jrotip <\f 

roneiclal or meal nitrates, nitrites, chlorates, chlorites, 5 
perchlorate!. oxides, and mixture.' ihtrecf. 

5. The gas generaut composition of claim 4 wherein: 

><xi* nitrogeo eontoio*^ fxr v 1 ia aclcc no from the grovp 

consisting of ritn^uanidne. guanidine nitrate, atri- 
nogu aniline nitrate. lH-tctrazolt. 5-aminotctrazofc. 
5-arainotetrazole nitrate, 5-nitrotetrazoie, 5,5'- 

l>it«tra/oL. Ji^catitJirium j jotwtio xclala, 
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nitroaninctriazcle, mclamiix atralc, and metal and 
onnmcUl wits of the forcgnng fuctv 

6 The ms cenetanl composition if claim 4 vheiein 
said inorganic oxidizer is 'elected fmm the group ain- 

ststlngof phase stabilized ammonium oitraic and stron- 
tium nitrate. 

7 The gas gcoctanl composition cf claim 4 wherein 
said inorganic oxidizer Is selected from toe group con- 

1'iUig ul alluiU, • IKnllnt oaiila, iml uaiAliuual muta) 

nitrates, nitrites, chlorates, chlorites, perchlorates, 
oxides, anl mixtures thereof 
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Title page. 

fieni|56j7 References Cited, U.S. PATENT DOCUMENTS, replace ’Blomauisr with 

— Plomnuist — . 

coiuntn 3. 

Lines 21, 24, 26, 27 and 28, replace “Bis” with — bis — . 

Line 25. replace “iaminoguanidinium" with -- diaminoguanidinkim 

Line 33, insert - tiguanidinium salt of - before “5,5’ - Azobis -1 H-tetrazole”. 

I itv> . mcorl Ki>lnr.> “TTv» tYxIlonanfl” 
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Lines 53-54, ucictc "intimate mixture: 3% Si s.UKTc 7.54 
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